Dispersion of the API (active pharmaceutical ingredient) and excipients in pharmaceutical formulations e.g. tablets is of vital importance to the performance of the final product. Among other things the components' particle size, morphology and distribution can determine correct dosage as well as correct chemical behavior between the components during dissolution following ingestion and also in determining shelf life. It is typically not possible to determine particle size, morphology and distribution in a formulation via a simple visual inspection. By utilizing the hyper-spectral imaging capabilities of Raman and EDXRF (Energy Dispersive X-Ray Fluorescence) microscopy the chemical distribution of the components in pharmaceutical formulations can be directly observed.
In a recent study, in collaboration with the Pfizer Process Analytical Support Group at the Sandwich Laboratories in Kent, we have compared the information provided by Raman and EDXRF microscopy; these two techniques provide molecular and elemental images respectively.
Both analytical techniques are being used in pharmaceutical process development and quality control. Raman microscopy permits very high spatially resolved molecular maps (1 µm), which show very accurately particle size and distribution in a formulation.
The EDXRF microscope provides a rapid method to obtain hyper-spectral elemental images with a 10 µm spatial resolution.
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In addition to producing such intensity maps, the ISys™ software enables statistics to be performed on the multifile, to set thresholds in the maps, and to calculate the percentage of area that is occupied by the species of interest. This capability then allows particle size, morphology and concentrations to be estimated.
Conclusions: This study shows that chemical and elemental imaging can be complementary, helping to provide an informative picture of the distribution of components in a pharmaceutical product.
The XGT-5000
The 10µm Magnesium and calcium are common components of pharmaceutical formulations. Previously the distribution of one of the excipients, magnesium stearate, which is often added because of its lubricating properties, has been proven particularly difficult to study because it is present in low concentration, spreads very finely and has weak spectral bands in Raman, FT-IR, NIR and EDXRF spectroscopy.
The simplest method of preparing chemical maps is to bracket peaks of the species of interest and then color-map the intensity at each pixel of the various species. This works well as long as each species has a spectral band that does not overlap with bands of other species. The reality is that for complex organic species this requirement is often not met in multifiles of Raman as well as other spectra. In such cases treatment of the spectra with multivariate techniques enables one to separate the variances of the individual species. In addition, this multivariate approach can also be helpful in EDXRF, even though the spectra are much simpler, there is a possibility of overlapping between elemental lines. Figure 1a shows first a Raman image (RGB micrograph) of microcrystalline cellulose (MCC), dicalcium phosphate (DCP), and sodium starch glycolate (SSG). This has been produced by bracketing the bands of the Raman spectra of each component, shown on figure 1b. The second map shown in figure 1a corresponds to the distribution of magnesium stearate, this map has been produced using multivariate algorithms of ISys™ (Spectral Dimensions). Figure 2 presents the EDXRF maps of magnesium, calcium and phosphore elements. The results show a particular similarity between the distribution and the morphology of magnesium sterate using both techniques. Epitaxial Silicon Germanium (SiGe) layers on Silicon (Si) is a material of high importance in microelectronic with a large number of applications depending on their properties.
Raman spectroscopy is one of the most important tools for the investigation of these properties as it enables the determination of the composition (Ge content) and degree of relaxation of the SiGe layer, but also the characterisation of the stress induced in the top silicon layer. Indeed, Raman spectroscopy has been demonstrated to be very sensitive for stress measurements, especially in silicon layers, as the frequencies of the Raman modes are directly correlated to the stress applied to the crystal. By measuring the Raman modes of the Si-Si, Si-Ge and Ge-Ge bonds, it is possible to determine the stress in the strained Si layer and to calculate the composition and the strain in the SiGe film.
The choice of the laser excitation is of critical importance for these investigations, as the penetration depth and probed volume are strongly correlated to the laser wavelength. The use of UV lasers greatly improves the spatial resolution by taking advantage of the shorter wavelength and much smaller optical penetration depth, allowing very thin silicon top layers to be probed.
Combining both visible and UV Raman measurements enables a complete characterisation of the SiGe based devices. Indeed, the UV Raman spectrum will characterise only the top layer whereas the spectrum measured in the visible will show the Raman modes characteristic of SiGe, allowing the calculation of Ge content and the determination of strain in the SiGe layer. 
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